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Description 

The present Invention relates to a liquid silicone resin composition. More particulariy, the present invention 
relates to a solventless silicone resin which is prepared by partially hydrolyzing a mixture of a polydimethylsi- 
5 loxane and a methyltnaikoxysilane, using a pert luoroalkane sulfonic add as an equilibrating catalyst 

Silicone resins having frifunctional siloxy units and drfunctional sRoxy units are well known In the art and 
have been used extensively in the formulation of paints, varnishes, molding compounds and encapsulating 
compositions. Typically, these resins contain residual hydroxyl functionality, and occasionally residual alkoxy 
functionality, whfch may be condensed by means of heat and/or catalysis in order to cure the resins. Resins 
10 of this type are generally utilized in the form of solutions in organic solvents since they are often solids, or, at 
best very viscous liquids at ordinary temperatures. 

DD-A 137 720 discloses a liquid silicone resin composition prepared by a process comprising reacting a 
mixture of cyclic polydimethyisiloxane, methyltriethoxysflane and an equilibrating amount of a basic catalyst 
hydrolyzing the reaction product with water and an equOibrating amount of a basic catalyst hydrolyzing the 
15 reaction product with water to provide residual alkoxy functk)nallty and neutralizing the basic catalystwith CO2. 
With this process, a residual ethoxy functionality of the resin of at least 11.10% is obtained. Moreover, the gel 
time of the resins is relatively high. 

Prior to our discovery, we believe that no one has taught the preparation of stable, low viscosity, alkoxy- 
fiinctlonal, 100% reactive silicone resins prepared according to the method of the present invention. Moreover. 
20 It has been discovered that the resins prepared according to the methods of the present invention may be modi- 
fied with both traditional phenyl-containing silanol-functional solid resins as well as with polydimethyisiloxane 
fluids, the latter addition imparting Increased slip to the cured resin. 

Additionally, the resins prepared according to the method of the present invention rely on methyttrlalkox- 
ysilanes as starting materials. These methyttrlalkoxysiianes can be readOy obtained in purified form by distil- 
25 lation and the resulting resins are therefore relatively free of the residual chlorine contamination generally found 
in resins prepared from chlorosilanes. This often translates into reduced corrosion of metal surfaces coated 
with the resins and can be a particularly significant advantage in electronic applications. 

The present invention therefore relates to a liquid silicone resin composition prepared by a process com- 
prising: 

30 (I) reacting a mixture consisting essentially of 

(A) a polydimethyisiloxane, wherein optionally up to 1 0 mole percent of siloxane units may contain alkyi 
groups having 2 to 6 carbon atoms, phenyl groups or trifluoropropyl groups, 

(B) a methyltrialkoxysilane having the formula MeSi(0R)3. wherein Me denotes a methyl radical and 
R is an alkyI radical having from 1 to 3 carbon atoms, and 

35 (C) an equilibrating amount of an acid catalyst having the formula R'SOsH wherein R' is a perf luoroalkyi 

group having 1 to 10 carbon atoms, the molar ratio of said methyltrialkoxysilane (B) to said polydime- 
thylsfloxane (A) being between 1:1 and 10:1; 
(II) hydrolyzing the reaction product formed in step (I) with sufficient water to provide from 0.48 to 0.81 
motes of residual alkoxy functionality per 100 parts by weight of said liquid silicone resin; and 
40 (III) neutralizing said acid catalyst (C). 

The present invention further relates to a liquid resin composition prepared by a process comprising re- 
acting the above mentioned components (A), (B) and (C) in the presence of a sufficient quantity of water of 
hydrolysis to provide from 0.48 to 0.81 moles of residual alkoxy functionality per 100 parts by weight of said 
liquid silicone resin and neutralizing the acid catalyst (C). 
45 The present invention still further relates to the above described processes used to make the liquid silicone 
resin compositions. 

The polydimethyisiloxane (A) of the liquid silicone resin composition may be a linear polydimethyisiloxane. 
The selection of terminal groups fbrthe polydimethyisiloxane is not being critical for the purpose of the present 
invention provided that an inert terminal group, such as trimethylsilyl, is not employed when the degree of poly- 

so merization of the polydimethyisiloxane is less than about 200. Thus, generic examples of suitable terminal 
groups include trialkylsQyl, alkoxydialkylsilyl. aryldialkylsilyl and hydroxydialkylsilyl groups. Specif Ic terminal 
groups which may be used include MoaSK MeO(Me2)Sh and H0(Me2)Si-. wherein Me hereinafter denotes a 
methyl radical. Preferably, the end group is H0(Me2)Si-. 

Although component (A) is described as a polydimethyisiloxane. up to about 10 mole percent of siloxane 

55 units containing alkyi groups having 2 to 8 carit)on atoms, phenyl groups or trifluoropropyl groups may be co- 
polymerized with the dimethylsiloxane units to still be within the scope of this invention. Thus, copolymere of 
dinfiethylsiloxane units with phenylmethylsiloxane, methylhexylsiloxane or methyitrifiuoropropylsiloxane units 
are specific examples of this component it is preferred that when component (A) is a linear polydlmethylsl- 

2 
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loxane, that it be the dimethyl homopolymer. 

Alternatively, and preferably, polydimethylsiloxane (A) is selected from at least one polydimethyfcydosi- 
loxane having the formula (Me2SiO)x wherein x is an integer between 3 and 10, indusive. For the purposes 
5 of the present invention, this preferred polydimethylsiloxane is a mixture of such cydic siloxanes. 

Component (B) of the present invention may be represented by the formula MeSI(0R)3 wherein R Is in- 
dependently selected from alky! radicals having from 1 to 3 carbon atoms. The preferred alkoxysllane Is me- 
thyltrimethoxysilane. 

The acid catalyst (C) may be represented by the general formula R'SOjH wherein R is a perfluoroalkyi 

10 group having 1 to about 10 carbon atoms. Examples of suitable acid catalysts indude perfluoromethane sul- 
fonic acid, perf luoroethane sulfonic add. perf tuorohexane sulfonic acid, perf luorooctane sulfonic acid and per- 
f luorodecane sulfonic acid. Component (C) Is a strong acid capable of efficiently redistributing (i.e.. equilibrat- 
ing) siloxane bonds and is preferably perfluoromethane sulfonic acid. It has been observed that weaker acids, 
such as phosphoric or acetic acid, do not redistribute siloxane bonds and therefore do not produce the liquid 

IS silicone resins of the present invention. 

All the components of the present invention are well known in the art and many are avaBable commerdally. 
so that no further description thereof is considered necessary. 

In order to prepare the liquid silicone resin compositions of the present invention, from about 1 to about 
1 0 moles of methyltrialkoxysilane (B) arefirst reacted with each mole of polydimethylsiloxane (A), the preferred 

20 mdar ratio of component (B) to component (A) being 2:1 to 7:1. The reactton Is conducted under an Inert at- 
mosphere, such as nitrogen or argon and is carried out in the presence of an equilibrating amount of catalyst 
(C). The term "equflibrating amount" as used herein denotes a sufficient amount of add catalyst (C) to effi- 
ciently rearrange the siloxane bonds of reactants (A) and (B) so as to provkie a substantially equilibrated prod- 
uct of reaction within 3-5 hours at temperatures between 60 and SO^'C. This amount may readily be determined 

25 by those skilled in the art by following the disappearance of the reactants using, e.g., gas chromatography, 
the acid being neutralized before each such determination. Thus, for example, when the catalyst is the pre- 
ferred perfluoromethane sulfonic acid, it is employed at 0.04 to 0.1 weight percent of the total of components 
(A) and (B). This amount of perfluoromethane sulfonic add Is sufftelent to equilibrate the above mentioned 
components within 4 hours at 70X. 

30 After equilibration of components (A) and (B) Is attained, the reaction product is hydrolyzed with sufficient 
water to provide firom about 0.48 to about 0.81 moles of residual alkoxy functionality per 100 parts by weight 
of liqukl silicone resin. As should be apparent to the skilled artisan, the molar units and weight units must, of 
course, be consistent (e.g., granvmoles and grams, respectively). The basic reactions relied upon to calculate 
the amounts of water to be used In the hydrolysis step are: (i) the hydrolysis of methoxy groups on the above 

35 described equilibrated product to form silanol groups; and (ii) condensation of the sllanol groups to form silox- 
ane bonds. The net effect of these reactions, assuming the complete condensation of all silanol groups formed, 
requires the employment of one half mole of water for the hydrolysis of each mole of methoxy groups. Using 
this assumption, in combination with the above mentioned range of the ratk) of the pdydimethylsfloxane to 
the methyltrialkoxysilane, one skilled in the art can readily calculate the approximate amounts of the ingre- 

40 dients to be used in forming the liqukl silicone resin compositions having from 0.48 to 0.81 moles of residual 
alkoxy functionality per 100 parts by weight of said liquid silicone resin. In practice, it has been found that the 
calculated (i.e., theoretical) methoxy content Is generally within approximately 10 percent of the analytically 
determined value thereof. Preferably, the final liquid silicone resin according to the present Invention has from 
0.55 to 0.71 moles of residual alkoxy functionality per 100 parts by weight of the resin, a value of about 0.68 

45 being most preferred. The hydrolysis step may be carried out at temperatures between 18 and 70°C., but pre- 
ferably below the boiling point of the alcohol (e.g., MeOH) formed during the hydrolysis. This reaction should 
be carried out for at least one hour, whereupon the reactants are preferably heated to reflux and the alcohd 
formed is removed by distDlation. 

Finally, the acid catalyst is neutralized and the product stripped under vacuum to remove the remaining 

so alcohol byproduct as well as other impurities. The product is then cooled and filtered. 

In an alternate procedure, the compositions of the present Invention may be prepared by simultaneously 
equilibrating and hydrolyzing components (A) and (B) in the presence of add catalyst (C). In this case, these 
three components are mbced with suff ident water of hydrolysis to, again, provide from 0.48 and 0.81 moles of 
residual alkoxy functionality per 100 parts by weight of said liquid silicone resin. The reaction conditions as 

55 well as proportions are the same as those described above. After the reaction is completed, the add catalyst 
is again neutralized and the product stripped of impurities and filtered. The resins obtained by this procedure 
have been found to be essentially the same as those produced by the above described two-step process with 
respect to residual alkoxy functionality and molecular weight distribution. 

As stated above, the actual amount of residual alkoxy left on the liquid silicone resin has been found to 
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be critical in formulating the compositions of the present invention. For example, when less than 0.48 mdes 
of residual methoxy functionality per 100 parts by weight of the liquid silicone resin remains (corresponding 
to 15 weight percent methoxy), the compositions tend to gel upon storage under ordinary conditions. On the 

5 other hand, when the methoxy content is above 0.81 moies of residual alkoxy functionality per 100 parts by 
weight of said liquid silicone resin (corresponding to 25 weight percent methoxy), the compositions have such 
a low molecular weight that they volatilize when subjected to the elevated temperatures often employed in cur- 
ing such coatings on substrates. Thus, even though other useful liquid resins may result from the substitution 
of different diorganopolysiloxanes, such as phenytmethyfpolysQoxane and trifluoropropylpolysiloxane, for the 

10 Instant polydimethylsiloxanes and the substitution of different alkoxysilanes, such as ethyltrimethoxysilane 
and phenyltrimethoxysOane, for the instant methyltrialkoxysilanes, these resin systems fall outside the scope 
of the present invention. Additionally, cured films produced from such compositions are quite brittle and tend 
to crack easily dunng, or after, the cure cycle. 

Because the compositions of the present invention contain residual alkoxy functionality, they nrtay be cured 

IS by exposure to atmospheric moisture. The cure may be hastened by the addition of catalysts known in the art 
to promote the hydrolysis of the alkoxy groups and their subsequent condensation to form a three-dimensional 
siloxane network. Catalysts suitable for this purpose may be selected from the organo titanates, such as tet- 
raisopropyl titanate and tetrabutyl titanate and organotin compounds, such as dibutyttin dilaurate. tin octoate 
and dibutyltin diacetate. 

20 ' In addition to the above mentioned cure catalysts, the liquid silicone resin compositions may be blended 
with linear polydimethylsiloxanes of the type recited in the description of component (A). Addition of about 0.5 
to 10 percent by weight of a polydimethylsiloxane having a viscosity of 100 to 50,000 mrnVs (cS) at 25°C. to 
the liquid silicone resins of the present invention results In compositions which exhibit reduced coefficients of 
friction (i.e., slip) and improved release when coated and cured on a substrate. The prefen^ed polydimethylsi- 

25 loxanes have a viscosity of about 1,000 to 20,000 mm^/s (cS) at 25^C. and are preferably added to the liqukf 
silicone resins of the present invention at a level of about 1 to 2 weight percent. 

The liquid resin compositions may also be blended with organic solvent solutions of solid silicone resins 
comprising MeSi03;2i Me2Si02/2i PhSi03/2 and Ph2S102/2 units, wherein Ph hereinafter denotes a phenyl group. 
Such resins generally contain residual hydroxyl groups and are well known in the art They are typically pre- 

30 pared by hydrolyzing the respective chlorosllanes In an aromatic solvent. When such modified compositions 
are coated onto a substrate and the solvent is evaporated, the coatings are generally dear, depending on the 
particular solid resin selected and its proportion. Such blended coating compositions offer advantages over 
the solid sOicone resins in that they require lower organic solvent contents and may be cured at reduced tem- 
peratures to provide films having Improved hardness. 

35 The compositions of the present invention may further be compounded with various fillers, such as titanium 
dioxide and aluminum flake, pigments, thermal stabilizers and flow agents. 

The present invention also relates to the above described processes used to make the liquid silicone resin 
compositions based on polydimethylsiloxane (A) and methyltrialkoxysllane (B). 

The liquid silicone resin compositions of the present Invention find utility In the preparation of protective 

40 coatings for metal, glass and plastic substrates, high temperature paints, release coatings for bakeware, bind- 
ers for masonry water repellent and as a paper or fabric saturant in the nfianufecture of automotive gaskets, 
inter alia. 

The following examples are presented to further Illustrate the compositions of the present invention, but 
are not to be construed as limiting the invention, which is delineated in the appended claims. All parts and per- 
45 centages in the examples are on a weight basis unless indicated to the contrary and reported viscosities were 
obtained at 25^C. 

Examples 1-15 

50 A three-neck flask, equipped with a stirrer, condenser, nitrogen purge and thermometer was charged with 
820 grams (6.02 moles) of methyltrimethoxysllane and 145 grams (1.96 moles) of a mixture of polycydosilox- 
anes having the formula (MeaSiO)^, wherein Me hereinafter denotes a methyl radical and x had a value be- 
tween 3 and 10. The mbcture was stirred and 0.05% (based on total silicone) of trifluoromethane sulfonic acid 
(0.48 gram) was added, resulting in a bright yellow color. The catalyzed mixture was then slowly heated to ZO'^C. 

55 and stirred at this temperature for about 4 hours, whereupon the color faded somewhat to a "light straw" ap- 
pearance. The contents of the flask were allowed to cool to 52''C. and 100 grams (5.56 moles) of delonized 
water were added over a period of about 2 minutes. The resulting exothermic reactton brought the temperature 
of the mbcture to about TO^'C. Stirring was continued for about another hour without further application of heat 
Powdered calcium cartsonate (0.9 grams) was added to neutralize the add catalyst and a vacuum (about 30 
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15 



mm Hg. 3990 Pa) was applied whOe slowly heating to about 120*'C. This temperature was held for about 15 
minutes to strip off volatfles. Upon cooling and f Otering the residue, 658 grams of product was recovered (92.6% 
yield). 

In a similar manner, the compositions shown In Tat>le 1 were prepared. In addition to the actual amounts 
of the reactants used (reported in the second through the fourth columns), this table shows analytical results 
obtained on the products: molar methyl to dimethyl ratio (MeMe^\ weight percent methoxy (OMe); and initial 
viscosity nfvn^s. 
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The liquid resin compositions of the present Invention were stable when stored in sealed containers at room 
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temperature for more than a year whereas the comparative compositions, prepared by the same methods, 
tended to gel on standing, as indicated in Table 2. 

Table 2 

(Comparative) Gel Time 
Example 

9 Less than 12 months 

10 30 Days 

11 56 Days 

12 12 Days 

13 30 Days 

14 9 Months 

15 9 Months 

(Comparative) Example 16 



A procedure similar to that used to prepare Example 1 was followed in the preparation of a composition 
having a theoretical Me/Me2 mole ratio of 3:1 and a theoretical methoxy functionality of 34.2% (i.e., 1 54 grams 
25 of polycyclosiloxanes, 846 grams of methyltrimethoxysOane and 68.5 grams water). After the stripping step, 
the amount of liquid resin obtained was only 52% of the theoretical value. 

The above liquid resin was coated onto a steel panel and a cure at ISO^'C. for 30 minutes was attempted, 
whereupon all the material on the panel volatilized, an indication of its low molecular weight 

Adding 10% of tetralsopropyl titanate (hereinafter TIPT) to the above liquid resin, coating this mixture onto 
30 a steel panel and curing at 150<'C. for 30 minutes, resulted In a film which cracked profusely when the panel 
had cooled to room temperature. Indicating the film's brittle nature. 

Example 17 

35 A procedure similar to that used to prepare (Comparison) Example 16 was followed wherein the theoretical 
values of the Me/Me2 ratio and percent methoxy functionality were 2.95 and 19.3%, respectively. The yield of 
the liquid resin from this preparation was 73.7% while the actual values of Me/Moa and methoxy were 2.89 
and 18.3%, respectively. The latter value corresponds to 0.590 moles methoxy/100 g resin. 

The above liquid resin was catalyzed with 0.2% of TIPT, coated onto a steel panel and cured at 150°C. for 

40 30 minutes. The coating was soft and easily scratched. After an additional 30 minutes at 1 50''C., the coating, 
which was between 0.01 and 0,025 mm (0,4 and 1.0 mil) thick, had a pencil hardness of F to 4H. The pencil 
hardness was determined by attempting to scratch the cured coating surface with a sharp pencil, the reported 
value being the designation of the hardest pencil which would not scratch the surface (ASTM Test Method D 
3363). 



Example 18 



Portions of the liquid resin of Example 1 were mixed with the catalysts shown in Table 3. wherein TBT and 
DBTDA hereinafter denote tetra(n- butyl) titanate and dibutyltin diacetate, respectively. These catalyzed conv 
50 positions were then flow-coated onto clean steel panels and, after being hung vertically at room temperature 
for 24 hours to dry, the coatings were cured at 93,3**C (200''F). for 30 minutes. 

In addition to the determination of pencil hardness, these coatings were subjected to a slip test which pro- 
vided an Indication of their coefficient of friction. This test basically consisted of placing a gauze-covered weight 
(100 grams) on the coated panel and tilting the panel. The angle of incline (from the horizontal) at which this 
55 weight started to slide was designated as the "slip angle" and is also reported in Table 3. 
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When zinc octoate and aluminum acetylacetonate were used as catalysts at a 2% level, the coatings did 
not cure under the above describe conditions. 



Example 19 



55 



A liquid resin similar to Example 1 , having a Me/I\4e2 ratio of 2.6 and a methoxy content of 20.4%, was used 
to prepare a paint having an equal weight of TiOj powder based on the resin solids content Mica (325 mesh) 
was also added to this paint formulation at a level of about 32% based on the TIO2 content The mixing was 
accomplished with a laboratory mixer having Cowles blades (3600 r.p.m. for 25 minutes) to obtain a uniform 
dispersion. Portbns of this filled system were catalyzed as shown in Table 4, below. These compositions were 
brushed onto steel panels and cured at 204*'C (400'*F). for 30 minutes. After being cured, the panels were aged 
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in an air oven at 260^ (500°F). and penal hardness values were determined at various times, as shown in 
Tat>le4. 
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From the above table it is seen that the titanium dioxide-f ilied coatings of the present invention are resistant 
to thermal and oxidative degradation, particularly when no catalyst is added. 



Example 20 

Two parts of the above liquid resin of Example 19 were mixed with one part of E-30 flaked aluminum (Rey- 
nolds Metals Company, Richmond, VA) on a mbcing wheel for one hour. The coating composition containing 
the aluminum flake was filtered and sprayed onto steel panels, held at room temperature for 15 minutes and 
cured at 232*'C (450<'F). for 30 minutes. Initial pencil hardness of the f Dm, which had a thickness of 0,024 +/- 
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0.007 mm (0.96 +/• 0.27 mQ), was F. After 24 hours aging at 538X (1 ,000'*F.). the hardness increased to above 
9H. The film survived 1 .000 hours at 538**C (1 ,000°F). without flaking off the panel. 

5 Example 21 

Aliquld resin similar to Example 1 , having a Me/Me2 ratio of 3.2 and a methoxy content of 22.9%. was thor- 
oughly mixed with 1% of a trimethyisilyl endblocked linear polydimethylsiloxane having a viscosity of 12,500 
(cS). mm2/s Portions of this composition were catalyzed with TBT. coated onto steel panels and cured, as in- 
fo dicated In Table 5. below. 
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Example 22 

A liquid resin similar to Example 1 , having a Me/Me2 ratio of 2.6 and a methoxy content of 20.4%. was mixed 
5 with 9% of a hydroxy-endblocked polydimethylsiloxane having a viscosity of about 70 (cS) rum^ls and catalyzed 
with 0.2% DBTDA plus 0.2% TIPT. After this composition was coated onto a steel panel and cured at U^'^C 
(300**F). for 50 minutes followed by 204X {AOQPF) for 10 minutes, the resulting film had a thickness of 0,021 
± 0,005 mm (0.83 +/- 0.1 9 mil), a pencfl hardness of F and a slip angle of 8 degrees. Although as much as 44% 
of the above mentioned hydroxy-endblocked polydimethylsiloxane could be blended with the liquid resin com- 
10 positions of the present Invention without haze formation (l.e., the mixtures were dear and stable), coatings 
having more than about 9% were considerably softer. 

The above two examples illustrates the compatibility of polydimethylsiloxane fluids with the liquid resin 
compositions of the present invention and show the utility of the instant compositions In the formation of coat- 
ings having Improved slip or release properties. 

15 

Example 23 

A liquid resin similar to Example 1 , having a Me/Mea ratio of 3.2 and a methoxy content of 22.9%, was mixed 
with equal weights of solutions of three different silicone resins comprising MeSi03/2> Me2SI02/2i PhSiOa^ and 
20 Ph2Si02y2 units, wherein Ph hereinafter denotes a phenyl group (Table 6). These resins were prepared by hy- 
drolyzing the respective chlorosilanes in the indicated aromatic solvent and they had the nrwiar compositions 
and weight percent of residual hydroxy! functionality shown in Table 6, below. These compositions were coated 
onto steel panels and cured at 204*^0 (400°F). for 35 minutes followed by 260^C (SOO'^F). for 10 minutes. 
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The above results illustrate the ease with which the compositions of the present invention nnay be blended 
with conventional phenyl-containing silicone resins to yield clear films, which films had good adhesion to the 
metal substrate. 

55 Examples 24 - 25 



A binder resin was prepared as described in Example 8 of United States Patent No. 4.113.665 to Law et 
al. (Comparative Example 24). In this comparative example, 855 grams of methyltrimethoxysQane was reacted 
with 1 08 grams of a hydroxy! functional silicone Intermediate of the type used by Law et al. This intermedlatate 
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is a 60% solids solution of a silanol-functional resin having MeSiOaa, Me2Si02a, PhSiOa^ and Pt\^\02n units 
in a molar ratio of 25*^0:35:20 having a hydroxy! content of at)out 3%. The methyftrimethoxysQane was hydrol- 
yzed with 126 grams of 15% aqueous phosphoric add, as stipulated in said patent example. Thus, the weight 

5 ratio of methyitrimethoxysilane to the silicone intermediate, on a solids basis, was about 13. No fillers were 
added to this binder composition. 

A composition according to the present invention (Example 25) was prepared using the same weight ratio 
of methyitrimethoxysilane to the above described mixture of polycycloslloxanes (I.e., a ratio of 13, as in the 
case of the above cited patent to Law et ai.). This composition had a Me/Me2 ratio of 7.1 and a methoxy content 

10 of 23%. 

A comparison of the above two compositions is shown in Table 7, wherein analytical and cured f flm prop- 
erties are reported. 
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40 



Table 7 

(Conparative) Example 24 Example 25 

(Lav et al. patent) (This Invention) 



Me/Me^ Ratio (Molar) 37 7.1 

Methoxy (Vt. Z) 37 23 
No. Avg. Molecular 

Weigh (by g-p.c.) 3.300 980 
Vt. Avg. Molecular 

Weight (by g.p.c.) 590,000 66,000 

30 Weight Loss 

(250°C./3 hours) 11.71 38.2% 

Viscosity (c5) mmVs 3 9 

Closed Cup Flash Pt. (46'F) 7,B*C (19^*P) 90*C 

Film Properties (VI TBT catalyst added in each case) 

Pencil Hardness 

(Room Teoip. Cure) Softer than 6B B 

(Cure @ 149*0 (BOO'F)./ Softer than 6B 2H 

30 min. ) 
Slip Angle (Degrees) 

(Room Temp. Cure) >35 10 

(Cure @ 149*C (300'f)./ >35 8 

30 rain. ) 

45 



50 Claims 

1. A liquid silicone resin composition prepared by a process comprising: 
(I) reacting a mixture consisting essentially of 

(A) a polydimethylsiioxane, wherein optionally up to 10 mole percent of siloxane units may contain 
ss alley! groups liaving 2 to 8 carbon atoms, plienyl groups or trif luoropropyl groups, 

(B) a methyltrialkoxysllane having the formula MeSi(0R)3, wherein Me denotes a methyl radical and 
R is an alkyi radical having from 1 to 3 carbon atoms, and 

(C) an equilibrating amount of an acid catalyst having the formula R'SOaH wherein R* is a perfluor- 
oalkyl group having 1 to 10 carbon atoms, the molar ratio of said methyltrialkoxysilane (B) to said 
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polydimethytsQoxane (A) being between 1:1 and 10:1; 

(II) hydrolyzing the reaction product formed in step (I) with sufficient water to provide from 0.48 to 0.81 
mole of residual alkoxy functionality per 100 parts by weight of said liquid sOioone resin; and 

(III) neutralizing said acid catalyst (C). 

The composition according to daim 1, comprising the further addition of from about 0.5 to 10 weight per- 
cent of a linear polydlmethytsiloxane (E) having a viscosity of about 100 to 50.000 mm^/s (cS) at 25^*0. 

The composition according to daim 1, comprising the further addition of a solid silicone resin containing 
sOoxane units selected from the group consisting of MeSi03/2. Me2Si02a> PhSi03/2 and Ph2 S\02a units, 
wherein Me and Ph denote methyl and phenyl groups, respectively. 

A liquid sOicone resin composition prepared by a process comprising: 

(I) reacting a mixture consisting essentially of 

(A) a polydimethylsiloxane, wherein optionally up to 10 mole percent of siloxane units may contain 
alkyl groups having 2 to 8 carbon atoms, phenyl groups or trifluoropropyl groups, 

(B) a methyltriaikoxysilane having the formula MeSI(0R)3. wherein Me denotes a methyl radical and 
R is an alkyl radical having from 1 to 3 carbon atoms. 

(C) an equilibrating anwunt of an acid catalyst having the formula R'SOaH wherein R* Is a perfluor- 
oalkyl group having 1 to 10 carbon atoms, the molar ratio of said methyltriaikoxysilane (B) to said 
polydlmethylsOoxane (A) being between 1:1 and 10:1, and 

(D) suffident water of hydrolysis to provide from 0.48 to 0.81 mole of residual alkoxy functionality 
per 100 parts by weight of said liquid silicone resin; and 

(II) neutralizing said add catalyst (C). 

The composition according to daim 4, comprising the further addition of from about 0.5 to 10 weight per- 
cent of a linear polydimethylsiloxane (E) having a viscosity of about 100 to 50,000 mm^/s (cS) at 25X. 

The composition according to daim 4. comprising the further addition of a solid silicone resin containing 
siloxane units selected from the group consisting of MeSiOayz, Me3Si02/2» PhSi03/2 and Ph2Si02« units, 
wherein Me and Ph denote methyl and phenyl groups, respectively. 

A process for preparing a liquid silicone resin composition comprising: 

(I) reacting a mbcture consisting essentially of 

(A) a polydimethylsiloxane, wherein opttonally up to 10 mole percent of siloxane units may contain 
alkyl groups having 2 to 8 carbon atoms, phenyl groups or trifluoropropyl groups, 

(B) a methyltriaikoxysilane having the formula MeSi(0R)3, wherein Me denotes a methyl radical and 
R Is an alkyl radical having from 1 to 3 carbon atoms, and 

(C) an equilibrating amount of an acid catalyst having the formula R'SOaH wherein R' is a perfluor- 
oalkyi group having 1 to 10 carbon atoms, the molar ratio of said methyltriaikoxysilane (B) to said 
polydimethylsiloxane (A) being between 1:1 and 10:1; 

(II) hydrolyzing the reaction product formed in step (I) with sufficient water to provide from 0.48 to 0.81 
mole of residual alkoxy functionality per 100 parts by weight of said liquki silicone resin; and 

(ill) neutralizing said acid catalyst (C). 

A process for preparing a liquid silicone resin composition comprising: 

(I) reacting a mixture consisting essentially of 

(A) a polydimethylsiloxane, wherein optionally up to 10 mole percent of siloxane units way contain 
alkyl groups having 2 to 8 carbon atoms, phenyl groups or trifluoropropyl groups, 

(B) a methyltriaikoxysilane having the formula MeSi(0R)3, wherein Me denotes a methyl radical and 
R is an alkyl radical having from 1 to 3 carbon atoms, 

(C) an equilibrating amount of an acid catalyst having the formula R'SOaH wherein R' is a perf luor- 
oalkyl group having 1 to 10 carbon atoms, the molar ratio of said methyltriaikoxysilane (B) to said 
polydimethylsSoxane (A) being between 1:1 and 10:1, and 

(D) sufficient water of hydrolysis to provide from 0.48 to 0.81 mole of residual alkoxy functionality 
per 1 00 parts by weight of said liquid silicone resin; and 

(II) neutralizing said acid catalyst (C). 
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Patentanspruche 

1. Flussige Sflikonharzzusammensetzung, her^estellt mit einenr Verfahren. umfassend. da& man: 

(1) eine Mischung, die im wesentlichen aus 

(A) ernem Pofydimethylsiloxan, worin gegebenenfails bis zu 10 Mol-% Siloxanelnheiten Alkylgrup- 
pen mit 2 bis 8 Kohlenstoffatomen, Phenylgruppen Oder Trifluorpropylgruppen enthalten konnen. 

(B) einem Methyltrialkoxysilan mit der Formel MeSr(0R)3. worin Me einen Methylrest bezeichnet 
und R ein Alkylrest mit 1 bis 3 Kohlenstoffatomen ist. und 

(C) einer equilibrierenden Menge eines sauren Katalysators der Formel R'SQsH, worin R* eine 
Perfluoralkylgruppe mit 1 bis 10 Kohlenstoffatomen ist, 

besteht, umsetzt. wobei das molare VerhSltnis von MethyltrialkoxysBan (B) zu Pdydimethylslloxan (A) 
zwischen 1:1 und 10:1 liegt; 

(10 das In Stufe (I) gebildete Reakttonsprodukt mit ausrelchend Wasser hydrolysiert, um 0,48 bis 0.81 
i\^ol restliche Alkoxyfunktionen pro 100 Gew.-Teile des fIGssigen Silikonharzes zu schaffen, und 
(III) den sauren Katalysator (C) neutralisiert 

2. Zusammensetzung nach Anspruch 1. worin weiterhin etwa 0,5 bis 10 Gew.-% eines linearen Polydime- 
thylsiloxans (E) mit einer Viskositat von etwa 100 bis 50 000 mm^/s (cS) be! 25<'C zugegeben werden. 

3. Zusammensetzung nach Anspruch 1, worin weiterhin ein festes Silikonharz. das Siioxaneinheiten aus- 
gewahltaus derGruppe bestehend aus l^eSiOg/z-. MezSiOj/z-. PhSiOa/r und PhjSiOza-Einheiten, worin 
Me und ph Methyl- bzw. Phenylgruppen bedeuten, enth§lt, zugegeben wird. 

4. Flussige Silikonharzzusamntensetzung, hergestellt mit einem Verfahren, umfassend, daft man: 

(I) eine Mischung, die im wesentlichen aus 

(A) einem Polydlmethylsiloxan, worin gegebenenfails bis zu 10 Mol-% Siioxaneinheiten Alkylgrup- 
pen mit 2 bis 8 Kohlenstoffatomen, Phenylgruppen oder Trifluorpropylgruppen enthalten konnen, 

(B) einem Methyltrialkoxysilan der Formel MeSi(0R)3, worin Me einen Methylrest bezeichnet und 
R ein Alkylrest mit 1 bis 3 Kohlenstoffatomen ist, 

(C) einer equilibrierenden Menge eines sauren Katalysators der Formel R'SOsH, worin R' eine 
Perfluoralkylgruppe mit 1 bis 10 Kohlenstoffatomen ist. wobei das molare Verh§Itnis von Methyl- 
trialkoxysilan (B) zu Polydimethylsiloxan (A) zwischen 1:1 und 10:1 liegt. und 

(D) ausreichend Wasser fur die Hydrolyse, um 0,48 bis 0,81 Mol restliche Alkoxyfunktionen pro 100 
Gew.-Teile flussiges Silikonharz zu liefern, 

besteht, umsetzt, und 

(II) den sauren Katalysator (C) neutralisiert. 

5. Zusammensetzung nach Anspruch 4, worin weiterhin etwa 0,5 bis 10 Gew.-% eines linearen Polydime- 
thylsiloxans (E) mit einer Viskositat von etwa 100 bis 50 000 mm^/s (cS) bei IS^'C zugegeben werden. 

6. Zusammensetzung nach Anspruch 4, worin weiterhin ein festes Silikonharz, das Siioxaneinheiten aus- 
gewShlt aus derGruppe bestehend aus MeSiOsa-, MezSiOz^-, PhSiOa^- und PhzSiOzo-Einheiten, worin 
Me und Ph Methyl- bzw. Phenylgruppen bedeuten, enthilt, zugegeben wird. 

7. Verfahren zur Herstellung einer f IQssigen Silikonharzzusammensetzung, umfassend. da& man: 

(I) eine Mischung, die im wesentlichen aus 

(A) einem Polydimethylsiloxan, worin gegebenenfails bis zu 10 Mol-% Siioxaneinheiten Alkylgrup- 
pen mit 2 bis 8 Kohlenstoffatomen, Phenylgruppen oder Trifluorpropylgruppen enthalten konnen, 

(B) einem Methyltrialkoxysilan mit der Formel MeSi(0R)3. worin Me einen Methylrest bezeichnet 
und R ein Alkylrest mit 1 bis 3 Kohlenstoffatomen Ist, und 

(C) einer equilibrierenden Menge eines sauren Katalysators der Formel R'SOaH, worin R' eine 
Perfluoralkylgruppe mit 1 bis 10 Kohlenstoffatomen ist. 

besteht, umsetzt. wobei das molare Verhaltnis von Methyltrialkoxysilan (B) zu Polydimethylsiloxan (A) 
zwischen 1:1 und 10:1 liegt; 

(II) das in Stufe (I) gebildete Reaktionsprodukt mit ausreichend Wasser hydrolysiert. um 0.48 bis 0,81 
Mol restliche Alkoxyfunktionen pro 100 Gew.-Teile des f IQssigen Silikonharzes zu schaffen, und 

(III) den sauren Katalysator (C) neutralisiert 

8. Verfahren zur Herstellung einer f IQssigen Silikonharzzusammensetzung, umfassend. da& man: 
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(!) eine Mischung, die im wesentiichen aus 

(A) einem Polydimethylsiloxan. worin gegebenenfalls bis zu 10 Mol-% Siloxaneinhelten Alkylgrup- 
pen mit 2 bis 8 Kohlenstoffatomen, Phenylgruppen Oder Trifluorpropylgruppen enthalten konnen, 

(B) einem Methyltrialkoxysilan der Fornrtel MeSI(0R)3, worin Me einen Methylrest bezelchnet und 
R ein Alkylrest mit 1 bis 3 Kohlenstoffatomen 1st, 

(C) einer equilibrierenden Menge eines sauren Katalysators der Forme! R'SOsH, worin R' eine 
Perfluoralkyigruppe mit 1 bis 10 Kohlenstoffatomen ist. wobei das molgre Verhaltnis von Methyl- 
trialkoxysilan (B) zu Polydimelhyisiloxan (A)zwischen 1:1 und 10:1 llegt. und 

(D) ausreichend Wasser fur die Hydrolyse. urn 0.48 bis 0.81 Md restlfehe Alkoxyfunktionen pro 100 
Gew.-Telle flQssiges Silikonharz zu liefern, 

besteht, umsetzt. und 

(II) den sauren Katalysator (C) neutraiisiert. 



Revendlcatlons 

1. Une composition de r6sine de silicone liquide pr6par6e par un proc6d6 comprenant les operations consis- 
tanl : 

(I) k faire r§agir un melange essentiellement constitu^ 

(A) d'un polydim6thyisiloxane, dans lequei facultativement jusqu'd 10 moles pour cent de motifs si- 
loxanes peuvent porter des groupes alkyles comptant 2^8 atomes de carbone, des groupes ph6- 
nyle ou des groupes triftuoropropyle. 

(B) d'un m6thyItrlalcoxysilane de fbrmule MeSi(0R)3, ou Me repr6sente un radical m6thyle et R est 
un radical alkyle comptant 1 d 3 atomes de carbone. et 

(C) d'une quantity 6quilibrante d'un catalyseur acide de formule R'SOaH, dans laquelle R' est un 
groupe perf luoroalkyle comptant 1 10 atomes de cart)one, le rapport nrwiaire duditm6thyltrialcoxy- 
silane (B) audit polydim6thylsfloxane (A) 6tant compris entre 1:1 et 10:1; 

(II) d hydrolyser le produll de r§action form6 k rop6ration (I) avec suff isamment d'eau pour obtenir 0.48 
d 0.81 mole de fonctionnalitd alcoxy r§slduelle pour 100 parties en poids de ladite nSsine de silicone 
liquide; et 

(III) k neutraliser ledit catalyseur acide (C). 

2. La compositton selon la revendication 1. comprenant Taddition suppl6mentaire d'environ 0,5 ^ 10 pour 
cent en polds d'un polydimdthylslloxane lln^aire (E) prisentant une viscosity k 25*C d'environ 100 k 
50000 mm2/s. 

3. La composition selon la revendication 1, comprenant I'addition suppl6mentaire d'une r6sine de silicone 
solide conlenant des motifs siloxanes cholsis dans le groupe form6 par les motifs MeSi03/2. Me2Si02/2. 
PhSiOaa et PhzSiOM, ou Me et Ph dSsignent respectivement des groupes m6thyle et ph6nyle. 

4. Une composition de r6sine de silicone liquide pr6par6e par un procddd comprenant les operations consis- 
tant : 

(I) k faire r6aglr un melange essentiellement c6nstltu6 

(A) d'un polydim6thylsiloxane. dans lequei facultativement jusqu'^ 10 moles pour cent de motifs si- 
loxanes peuvent contenir des groupes alkyles comptant 2 8 atomes de carbone. des groupes ph6- 
nyle ou des groupes trifluoropropyle, 

(B) d'un m6thyltrialcoxysilane de fbrmule Mesi(0R)3. oO Me repr6sente un radteal m6thyle et R est 
un radical alkyle comptant 1 k 3 atomes de carbone, 

(C) d'une quantity 6qullibrante d'un catalyseur acide de formule R'SOaH, dans laquelie R' est un 
groupe perf luoroalkyle comptant 1610 atomes de cartjone, le rapport molaire dudit m6thyltrialcoxy- 
silane (B) audit polydim6thyisi]oxane (A) 6tant compris entre 1:1 et 10:1, et 

(D) de suff isamment d'eau d'hydrolyse pour obtenir 0,48 k 0,81 mole de foncttonnalite alcoxy r6si- 
duelle pour 100 parties en poids de ladite r6slne de silicone liqukle; et 

(II) k neutraliser ledit catalyseur ackle (C). 

5. La composition selon la revendication 4, comprenant I'addition suppl6mentaire d'environ 0,5 6 10 pour 
cent en poids d'un polydim6thylsiIoxane Iin6aire (E) pr6sentant une viscosity k 25*0 d'environ 100 k 50 
000 mm2/s. 



15 



' EP 0 390 083 B1 



La composition selon la revendication 4, cx>mprenant I'addition suppl^mentaire d'une lysine de silicone 
solide contenant des motifs siloxanes choisis dans le groupe form6 par les motifs IVIeSi03/2. Me^\02/2* 
PhSiOvz et Ph2Si02a, Me et Ph d^signent respectivement des groupes mSthyle et ph^nyle. 

Un proc6d6 pour la prSparation d'une composition de rSsine de silicone liquide comprenant les operations 
consistent : 

(I) d mettre en r6actbn un melange essentiellement constitu6 

(A) d'un poIydim6thylsiIoxane, dans lequel facultativement jusqu'^ 10 moles pour cent de motifs sJ- 
loxanes peuvent contenir des groupes alkyles comptant 2 d 8 atomes de carbone, des groupes ph6- 
nyfe ou des groupes trifluoropropyte, 

(B) d'un m^thyltrialcoxysilane de formule MeSi(0R)3, ou Me repr§sente un radical m6thyle et R est 
un radical alkyle comptant 1^3 atomes de carbone, et 

(C) d'une quantity dqullibrante d'un catalyseur acide de formule R'SOsH. dans laquelle R' est un 
groupe perf luoioalkyle comptant 1 d 1 0 atomes de carbone. le rapport nxilaire dudit mdthyitrialcoxy- 
silane (B) audit polydim^thylsDoxane (A) 6tant compris entre 1:1 et 10:1; 

. (II) d hydrolyser le produit de reaction form6 d rop6ration (I) avec suff Isamment d'eau pour obtenir 0,48 
d 0,81 mole de fonctionnaiit§ alcoxy r§siduelie pour 100 parties en polds de ladite ri§sine de silicone 
liquide; et 

(III) k neutraliser ledit catalyseur acide (C). 

Un proc^dS pour la preparation d'une composition de r6sine de silicone liquide comprenant les operations 

conslstant : 

(I) h mettre en reaction un melange essentiellement constitu6 

(A) d'un polydimethylsiloxane, dans lequel facultativement Jusqu'e 10 moles pour cent de motifs si- 
loxanes peuvent porter des groupes alkyles comptant 2^8 atomes de carbone, des groupes phe- 
nyle ou des groupes trifluoropropyle, 

(B) d'un methyltrialcoxysilane de formule MeSi(0R)3. oD Me repr6sente un radical methyle et R est 
un radical alkyle comptant 1 1 3 atomes de carbone. 

(C) d'une quantite 6qullibrante d'un catalyseur acide de formule R'SOgH, dans laquelle R' est un 
groupe perf luoroalkyle comptant 1 e 1 0 atomes de carbone, le rapport molaire dudit methyltrialcoxy- 
silane (B) audit polydimethylsiloxane (A) etant compris entre 1:1 et 10:1, et 

(D) de suffisamment d'eau d'hydrolyse pour obtenir 0,48 d 0.81 mole de fonctionnalite alcoxy resi- 
duelle pour 100 parties en polds de ladite resine de sflicone liquide; et 

(II) e neutraliser ledit catalyseur ackle (C). 



16 



